z± 



Form PTO-1390 
P21932.P01 



U.S. DEPARTMENT OF COMMERCE 
PATENT AND TRADEMARK OFFICE 



TRANSMITTAL LETTER TO THE UNITED STATES 
DESIGNATED/ELECTED OFFICE (DO/EO/US) 
CONCERNING A FILING UNDER 35 U.S.C. 371 



ATTORNEY'S DOCKET NUMBER 
P21932 



U.S. APPLICATION NO. (If known, see 37 CFR 
1.5) 



10/030133 



INTERNATIONAL APPLICATION NO. 
PCT/EP00/07076 



INTERNATIONAL FILING DATE 
24 July 2000 



PRIORITY DATE CLAIMED 
26 July 1999 



TITLE OF INVENTION 

X-RAY ANODE AND PROCESS FOR ITS MANUFACTURE 



APPLICANT(S) FOR DO/EO/US 

Matthias FRYDA, Lothar SCHAEFER, and Thorsten MATTHEE 



Applicant herewith submits to the United States Designated/Elected Office (DO/EO/US) the following items and other information. 

1 . JL This is a FIRST submission of items concerning a filing under 35 U.S.C. 371 . 

2. This is a SECOND or SUBSEQUENT submission of items concerning a filing under 35 U.S.C. 371. 

3. '_JL This is an express request to promptly begin national examination procedures (35 U.S.C. 371(f)). 

4. |||_ The US has been elected by the expiration of 19 months from the priority date (PCT Article 31). 

5. X. A copy of the International Application as filed (35 U.S.C. 371(c)(2)) 

a. „X_ is attached hereto (required only if not communicated by the International Bureau). 

b. JKL has been communicated by the International Bureau. 

^ c. _ is not required, as the application was filed in the United States Receiving Office (RO/US). 

SBTS? 

6. fJL An English language translation of the International Application as filed (35 U.S.C. 371 (c)(2)). 

7. L4L Amendments to the claims of the International Application under PCT Article 19 (35 U.S.C. 371(c)(3)) 
- ri a. are attached hereto (required only if not communicated by the International Bureau). 

I ^ b. have been communicated by the International Bureau. 

c. have not been made; however, the time limit for making such amendments has NOT expired. 

hi d. have not been made and will not be made. 

8. yjL An English language translation of the amendments to the claims under PCT Article 19 (35 U.S.C. 371(c)(3)) 

9rJL An oath or declaration of the inventor(s) (35 U.S.C. .371(c)(4)). 
"Executed" 

10| ? i__ An English language translation of the annexes to the International Preliminary Examination Report under PCT Article 36 (U.S.C. 371(c)(5)). 
IteNs 11 to 16 below concern other document(s) or information included: 

11 Assignee: FK ATTNHOPRR-GESELLSCHAFT ZIJR FORDERUNG PER ANGEWANDT EN FQRSCHUNG_e.V._of Munchen. GERMANY _ 
12jr: .. An Information Disclosure Statement under 37 CFR 1.97 and 1.98. 

13. IX. An assignment document for recording. A separate cover sheet in compliance with 37 CFR 3.28 and 3.3 1 is included. 

14. A FIRST preliminary amendment. 

A SECOND or SUBSEQUENT preliminary amendment. 

15. ._ A substitute specification. 

16. A change of power of attorney and/or address letter. 

17. Figure of Drawing to be published 

1 8. _X_ Other items or information: 

PCT/RO/101-PCT Request(in German). 
PCT/IPEA/40 1 (in German). 
PCT/IPEA/408(in German). 
PCT/IPEA/416(in German). 

PCT/IPEA/409-with three sheets of amended pages(in German). 

International Application as published Cover Sheet(m German). 

PCT/IB/301. 

PCT/IB/304. 

PCT/IB/308. 

PCT/ISA/220(in German). 
PCT/ISA/210(in German). 
Claim of Priority. 



i 



U.S. APPLICATION NO (If known, see 37 CFR 
1.5) 



10/030133 



INTERNATIONAL APPLICATION NO. 
PCT/EP00/07076 



531 Bec'd pgr/PTr 25 jan 2002 



ATTORNEY'S DOCKET NUMBER 
P21932 



19. _X_ The following fees are submitted: 

Basic National Fee (37 CFR 1.492(a)(l)-(5)): 

Search report has been prepared by the EPO or JPO $ 890.00 

International preliminary examination fee paid to USPTO (37 CFR 1.482) $ 710.00 

No international preliminary examination fee paid to USPTO (37 CFR 1.482) but 
international search fee paid to USPTO(37 CFR 1 .445(a)(2) $ 740.00 

Neither international preliminary examination fee (37 CFR 1 .482) nor 

international search fee (37 CFR 1.445(a)(2) paid to USPTO $1,040.00 

International preliminary examination fee paid to USPTO (37 CFR 1 .482) and all 
claims satisfied provisions of PCT Article 33(2)-(4) $ 100.00 

ENTER APPROPRIATE BASIC FEE AMOUNT = 



CALCULATIONS 



PTO USE ONLY 



$890.00 



Surcharge of $130.00 for furnishing the oath or declaration later than 20 30 

months from the earliest claimed priority date (37 CFR 1.492(e)). 



Claims 



Number Filed 



Number Extra 



RATE 



Total Claims 



-20 = 



X $18.00 



Independent Claims 



•3 = 



X $84.00 



Multipje dependent claim(s) (if applicable) 



+ $280.00 



TOTAL OF ABOVE CALCULATIONS = 



$890.00 



Jjiplicant claims small entity status. See 37 CFR 1 .27. The fees indicated above are reduced 



SUBTOTAL - 



$890.00 



Processing fee of $130.00 for furnishing the English translation later than 20 . 30 

monibj from the earliest claimed priority date (37 CFR 1 .492(f)). 



Extension of Time fee in the amount of $ 



TOTAL NATIONAL FEE = 



$890.00 



Fee 5£ recording the enclosed assignment (37 CFR 1.21(h). The assignment must be 
accompanied by an appropriate cover sheet (37 CFR 3.28, 3.3 1). $40.00 per property 



$40.00 



TOTAL FEES ENCLOSED = 



$930.00 



Amount to be 
refunded 



Charged $ 



a. __X_ A check in the amount of $^3ILIK1 to cover the above fees is enclosed. 

b. Please charge my Deposit Account No in the amount of $ to cover the above fees. 

c. The Commissioner is hereby authorized to charge any additional fees which may be required, or credit any overpayment to 
Deposit Account No. 19-00 89. 

NOTE: Where an appropriate time limit under 37 CFR 1.494 or 1.495 has not been met, a petition to revive (37 CFR L 
granted to restore the application to pending status. " " 

SEND ALL CORRESPONDENCE TO CUSTOMER NO. 7055 
AT THE PRESENT ADDRESS OF: 
Neil F. Greenblum 

GREENBLUM & BERNSTEIN, P.L.C. 
1941 Roland Clarke Place 
Reston, VA 20191 
(703)716-1191 

PATENT TRADEMARK OFFICE 




"and 



07055 



28, 394 



REGISTRATION NUMBER 



Kttett^m 2002 



Q 



P21932.A01 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



Applications Branch 



Applicants : Matthias FRYDA et al. 

Appln.No. : 10/030,133 

Filed : January 25, 2002 

For : X-RAY ANODE AND PROCESS FOR ITS MANUFACTURE 

PRELIMINARY AMENDMENT AND COVER LETTER 
SUBMITTING AMENDED PAGES OF APPLICATION 

Commissioner of Patents and Trademarks 
Washington, D.C. 20231 

Sir: 

A copy of the International Preliminary Examination Report - Form PCT/IPEA/409 
JAf (hereinafter "Report"), was submitted to the Examiner on January 25, 2002. Applicants note 

s 

q that this Report was drawn on pages of description 1 - 7 and 1 sheet of drawings as originally 
filed, replacement claims 2 - 16 as filed September 5, 2001, and replacement claim 1 as filed 

%0 

51 November 13, 2001, and includes as an Annex replacement claims 1 - 16 (in German) 
submitted September 5, 2001 and replacement claim 1 (in German) submitted November 13, 
200 1. For the Examiner's convenience, an English translation of the Annex is submitted 
herewith, in which each sheet is identified on the bottom of the page as "MODIFIED 
SHEET" along with the submission date of the specific sheet. 
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Based upon the submission of the modified sheets of claims, Applicants respectfully 
request examination on the merits of the application containing pages of description 1 - 7 and 
1 sheet of drawings as originally submitted and replacement claims 2-16 submitted 
September 5, 2001 and replacement claim 1 submitted November 13, 2001 (in place of 
originally filed claims 1 - 22). 

Additionally, prior to the examination of the above-identified application including 
replacement claims 1-16, amendment of specification and claims as follows: 

IN THE SPECIFICATION 
y Please amend the paragraphs as follows (Marked-up copies of the amended 

O paragraphs are attached as an Appendix): 

W Please replace paragraph [0002] with the following amended paragraph: 

q [0002] In x-ray production, metallic anode material is usually irradiated with electrons. 

yj 

'sr; , :• 

M; The radiation caused by characteristic electronic transitions exits the apparatus through a 
window transparent for x-rays. In order to avoid absorption, X-ray production results here 
at low gas pressures. The transparent window serves to separate the low pressure area from 
the outside area. 

Please replace paragraph [0010] with the following amended paragraph: 

[0010] However, it has been possible to prove with experiments that these disadvantages 

could be overcompensated by a diamond substrate. Contrary to expectations, it is possible 

to work with a much smaller focus with an x-ray anode on a diamond window than it is with 

-2- 
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an x-ray anode on a beryllium window. The reason for the overcompensation is that diamond 
is an excellent heat conductor, so the thermal energy produced can be dissipated with 
particular efficiency through the diamond substrate. The focal spot therefore heats up less 
and it is possible to decrease the focus diameter. This leads, as desired, to greater radiation 
densities. Conversely, exchanging a diamond window for the beryllium window with the 



same beam density and operating life renders possible a thinner anode with lower absorption 



of x-radiation. 



IN THE CLAIMS 

a 5 

% Please amend the claims as follows (Marked-up copies of the amended claims are 

"SO? 

U 

Q attached as an Appendix): 

}*j 4. (Amended) X-ray anode according to claim 1 , characterized in that the anode 

yj 

□ material is a metal, an alloy or several layers of metal. 



H 5 . (Amended) X-ray anode according to claim 1 , characterized in that the anode 

m material thickness is between 1 //m and 25 //m. 

8 . (Amended) X-ray anode according to claim 1 , characterized in that the anode 
material completely covers the window. 

9. (Amended) X-ray anode according to claim 1 , characterized in that the anode 
material partially covers the window. 

10. (Amended) X-ray anode according to claim 1, characterized in that an 
intermediate layer is provided between the x-ray anode and the diamond window. 
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11. (Amended) X-ray anode according to claim 1, characterized in that the 
intermediate layer is an adhesion-promoting layer. 

12. (Amended) X-ray anode according to claim 1, characterized in that the 
intermediate layer is a radiation filter. 

13. (Amended) X-ray anode according to claim 1, characterized in that a 
temperature sensor is provided. 

15. (Amended) Use of an x-ray anode according to claim 1 for x-ray 
microscopes. 

16. (Amended) Use of an x-ray anode according to claim 1 for x-ray units. 

REMARKS 

Entry of the foregoing replacement sheets upon which the International Preliminary 
Examination Report is based and amendment of the specification and claims are respectfully 
requested. Applicants note that the instant amendments have been made to generally 
improve the form of the application and remove multiply dependent claims prior to the 
calculation of fees. 
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Should there be any questions, the Examiner is invited to contact the undersigned at 
the below listed number. 




March 19, 2002 

GREENBLUM & BERNSTEIN, P.L.C. 
jj 1 94 1 Roland Clarke Place 
2 Reston,VA 20191 
y (703)716-1191 

y. 

CIS 

w 

pV 

r - 

P 
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APPENDIX 
Marked-Hp Copies of the Amended Paragraphs: 

Please replace paragraph [0002 J with the following amended paragraph: 
[0002] In x-ray production, metallic anode material is usually [impinged on] irradiated 
with electrons. The radiation caused by characteristic electronic transitions exits the 
Htk\ apparatus through a window transparent for x-rays. In order to avoid absorption, X-ray 
production results here at low gas pressures. The transparent window serves to separate the 
low pressure area from the outside area. 

Please replace paragraph [0010] with the following amended paragraph: 
[0010] However, it has been possible to prove with experiments that these disadvantages 
could be overcompensated by a diamond substrate. Contrary to expectations, it is possible 
to work with a much smaller focus with an x-ray anode on a diamond window than it is with 
an x-ray anode on a beryllium window. The reason for the overcompensation is that diamond 
is an excellent heat conductor, so the thermal energy produced can be dissipated with 
particular efficiency through the diamond substrate. The focal spot therefore heats up less 
and it is possible to [increase the focus] decrease the focus diameter . This leads, as desired, 
to greater radiation densities. Conversely, exchanging a diamond window for the beryllium 
window with the same beam density and operating life renders possible a thinner anode with 
lower absorption of x-radiation. 
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Marked-Up Copies of the Amended Claims: 

4. (Amended) X-ray anode according to [at least one of claims 1 through 3] 
claim L characterized in that the anode material is a metal, an alloy or several layers of 
metal 

5. (Amended) X-ray anode according to [at least one of claims 1 through 4] 
claim L characterized in that the anode material thickness is between 1 fj,m and 25 //m. 

8. (Amended) X-ray anode according to [at least one of claims 1 through 7] 
claim L characterized in that the anode material completely covers the window. 

9. (Amended) X-ray anode according to [at least one of claims 1 through 8] 
claim L characterized in that the anode material partially covers the window. 

10. (Amended) X-ray anode according to [at least one of claims 1 through 9] 
claim 1 . characterized in that an intermediate layer is provided between the x-ray anode and 
the diamond window. 

1 1 . (Amended) X-ray anode according to [at least one of claims 1 through 10] 
claim 1, characterized in that the intermediate layer is an adhesion-promoting layer. 

12. (Amended) X-ray anode according to [at least one of claims 1 through 1 1] 
claim 1 , characterized in that the intermediate layer is a radiation filter. 

13. (Amended) X-ray anode according to [at least one of claims 1 through 12] 
claim 1, characterized in that a temperature sensor is provided. 
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15. (Amended) Use of an x-ray anode according to [at least one of claims 1 
through 14] claim 1 for x-ray microscopes. 

16. (Amended) Use of an x-ray anode according to [at least one of claims 1 
through 14] claim 1 for x-ray units. 
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New Patent Claim 1 

1 . X-ray anode for microfocus sources in which the anode material is located on a diamond 
window, characterized in that the thickness of the diamond window is in the range of 300 
to 2000 fML 

This is followed by the currently valid patent claims 2 through 16. 



U 
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New Patent Claims 

1. X-ray anode, characterized in that the anode material is located on a diamond window, 
characterized in that the thickness of the diamond window is in the range of 300 /jm to 700 
/urn or in the range of 700 jum to 2000 /um. 

2. X-ray anode according to claim 1, characterized in that it is a polychrystalline diamond 
window. 

3. X-ray anode according to claim 1, characterized in that the diamond window is a 
monocrystaL 

4. X-ray anode according to at least one of claims 1 through 3, characterized in that the anode 
material is a metal, an alloy or several layers of metal. 

5. X-ray anode according to at least one of claims 1 through 4, characterized in that the anode 
material thickness is between 1 /xm and 25 //m. 

6. X-ray anode according to claim 5, characterized in that the anode material thickness is 
between 3 imxi and 12 jum. 

7. X-ray anode according to claim 6, characterized in that the anode material thickness is 6 /urn. 

8. X-ray anode according to at least one of claims 1 through 7, characterized in that the anode 
material completely covers the window. 

9. X-ray anode according to at least one of claims 1 through 8, characterized in that the anode 
material partially covers the window. 

10. X-ray anode according to at least one of claims 1 through 9, characterized in that an 
intermediate layer is provided between the x-ray anode and the diamond window. 

11. X-ray anode according to at least one of claims 1 through 10, characterized in that the 
intermediate layer is an adhesion-promoting layer. 

12. X-ray anode according to at least one of claims 1 through 11, characterized in that the 
intermediate layer is a radiation filter. 

13. X-ray anode according to at least one of claims 1 through 12, characterized in that a 
temperature sensor is provided. 

14. X-ray anode according to claim 13, characterized in that the diamond window is provided 

MODIFIED SHEET - 5 September 2001 
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as a temperature sensor. 

15. Use of an x-ray anode according to at least one of claims 1 through 14 for x-ray microscopes. 

16. Use of an x-ray anode according to at least one of claims 1 through 14 for x-ray units. 
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(57) Abstract: The invention relates to an X-ray anode and to a method for the production thereof. The inventive X-ray anode is 
characterized in that the anode material is located as a layer (2) on a diamond window (1). The X-ray anode is preferably used for 
X-ray apparatuses where an X-radiation is required that is limited as precisely as possible to a denned point in order to achieve a 
maximum radiation. The inventive X-ray anode is most preferably used in X-ray microscopes in which a high radiation intensity 
guarantees maximum resolutions. 

[Fortsetzung auf der nachsten Seite] 
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Patent Application: 
X-ray anode and Process for its Manufacture 

Applicant: 

Fraunhofer-Gesellschaft zur Forderung der angewandten Forschung e.V. 
Specification 
Technical Field 

[0001] The invention relates to an x-ray anode and a process for its manufacture. The x-ray 
anode according to the invention is preferred for use in x-ray units where the highest possible x- 
radiation is necessary. It is particularly preferred for use with x-ray microscopes in which a high 
radiation intensity guarantees the highest resolutions. 

Prior Art 

[0002] In x-ray production, metallic anode material is usually impinged on with electrons. 
The radiation caused by characteristic electronic transitions exits the apparatus through a window 
transparent for x-rays. In order to avoid absorption, X-ray production results here at low gas 
pressures. The transparent window serves to separate the low pressure area from the outside 
area. 

[0003] Metallic x-ray anodes made of e.g., copper or molybdenum, and a beryllium window 
in a target angle arrangement are known. There is a certain spacing between the anode and the 
beryllium window here and they are tilted towards one another. If the x-radiation produced is 
used for x-ray microscope purposes, this solution has the disadvantage of the resolution being 
only quite small because of the unavoidable ray divergence between the anode and the object to 
be imaged. Beryllium is also highly toxic and should therefore be avoided as far as possible as 
a window material. 

[0004] As an alternative to beryllium windows as x-ray exit windows for x-ray units, US 
5,173,612 suggests using a diamond window a few 10 /urn thick. However, since thicker 
diamond windows are ruled out because of increased absorption by diamond, these thin diamond 
windows cause considerable mechanical problems. Thin diamond windows can hardly withstand 
the pressure differential of approximately 10 5 Pa between the low pressure area and the outside 
area and have to be stabilized by appropriate crosspieces at considerable cost. 
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[0005] Also known are so-called microfocus sources, where the anode material forms a layer 
on a beryllium window and where the anode is bombarded by an electron beam as strongly 
focussed as possible. In the case of these microfocus sources, the anode moves closer to the 
object in optical imaging and the optical resolution can be increased. The more sharply the 
electron beam bombarding the anode is focussed on the anode, the better the resolution. 
Disregarding diffractions, a spot focus on the anode would be ideal. However, with a spot focus 
the problem arises that the energy generated by the electron bombardment causes the material to 
melt or evaporate, thus reducing its operating life. A thicker anode must be selected to 
compensate for the evaporation of anode material. However, a thick anode results in the x- 
radiation being absorbed by the anode material itself. The use of a thicker beryllium window is 
ruled out for the same reason. Moreover, this solution has the considerable disadvantage that 
mechanical problems can occur due to the existing pressure differentials, and the microfocus 
source can easily burst. However, this is particularly harmful in the case of toxic beryllium, 
where a rupture of the microfocus source leads to undesirable apparatus down-time because of 
the safety measures for staff protection then required. For these reasons according to prior art 
spot focussing is possible only to a limited extent. 

Description of the Invention 

[0006] The invention is based on the technical problem of producing an x-ray anode that 
avoids the disadvantages of the prior art as far as possible. The x-ray anode needs to be harmless 
from a health viewpoint and, in particular, should make it possible to work with a much smaller 
focus than with the prior art. 

[0007] The solution of this technical problem is achieved through the features listed in claim 
1. The process-related task of producing such an x-ray anode is solved by the features of claim 
16. Advantageous embodiments are provided in the dependent claims. 
[0008] According to the invention it was recognized that the problems could be solved by an 
x-ray anode where the anode material is on a diamond window. 

[0009] At first, diamond seems unsuitable as a material for a microfocus source. With an 
atomic number of Z=6, diamond absorbs x-radiation more than beryllium at Z=4. It would 
therefore be expected that the diamond windows used would have to be thinner than beryllium 
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windows, entailing the above-mentioned mechanical problems. Moreover, up until now, only 
beryllium was considered as a window material, since beryllium is a rollable metal from which 
it is easy to make beryllium windows. According to the prior art, this window serves as a 
substrate for a metal anode to be applied. 

[0010] However, it has been possible to prove with experiments that these disadvantages 
could be overcompensated by a diamond substrate. Contrary to expectations, it is possible to 
work with a much smaller focus with an x-ray anode on a diamond window than it is with an x- 
ray anode on a beryllium window. The reason for the overcompensation is that diamond is an 
excellent heat conductor, so the thermal energy produced can be dissipated with particular 
efficiency through the diamond substrate. The focal spot therefore heats up less and it is possible 
to increase the focus. This leads, as desired, to greater radiation densities. Conversely, 
exchanging a diamond window for the beryllium window with the same beam density and 
operating life renders possible a thinner anode with lower absorption of x-radiation. 
[0011] It has been shown that even relatively thick diamond layers can be used 
advantageously with very thin anodes. In this context, diamond windows are also suitable with 
thicknesses of between 50/^m and lOOO^m, or still better between 300 fjxa and 700ywm. With 
such thicknesses, an efficient removal of heat and a good mechanical stability is guaranteed. 
[0012] According to the present invention, a polycrystalline diamond substrate or diamond 
window can be used, as well as a monocrystal window. A polycrystalline diamond substrate can 
be produced particularly simply by means of chemical vapor deposition (CVD), e.g., by hot- 
filament CVD or microwave CVD. This also makes it possible to produce larger diamond 
substrates at moderate prices. The deposition of the anode material takes place through a 
different deposition process, e.g., physical vapor deposition (PVD). 

[0013] Basically, metals, several layers of metal, or metal alloys can be considered as anode 
material. The thickness of the anode material should preferably be in the range of between 1/^m 
and 25 //m, even better in the range of between 3 /urn and 12 /jm, and best of all at 6 ^m. 
[0014] The layers do not need to feature constant thicknesses. This means that, e.g., in the 
case of a disk-shaped microfocus source, the disk thickness does not need to be uniform. The 
disk can have, e.g., a greater thickness at the edges. The thicknesses given above for the layers 
should therefore be understood to refer to thicknesses in the focal spot. 
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[0015] In order to ensure that there is always sufficient anode material on the diamond, and 
that it has not evaporated after a certain number of hours in operation, a temperature sensor can 
be provided for the x-ray anode according to the invention. A creative possibility here is using 
the diamond window as a thermistor, i.e., exploiting the temperature dependence of the electrical 
resistance of the diamond window. After the appropriate calibration, the user has only to set the 
optimal operating point regarding the desired radiation intensity with a minimal evaporation rate. 
This makes it easier to avoid thermally-conditioned damage to the x-ray anode according to the 
invention. Even in the event that part of the anode material has evaporated after a certain number 
of hours in operation, the diamond window, as an uncommonly thermally stable material, will 
usually be completely intact. In this case, the remaining anode material can be chemically 
removed and the diamond window can be recoated in the course of maintenance work. Choosing 
diamond as a window material thus renders possible a cost-efficient overhaul of the x-ray anode 
according to the invention, while simultaneously reusing the diamond window. 
[0016] In its simplest embodiment, the anode material is found holohedrally on the diamond 
substrate. Depending on the special features of production or of the planned use for the 
microfocus source, however, it can be sufficient for only part of the diamond layer to be covered 
by the anode material Depending on the adhesion of the anode material to the diamond 
substrate, it can be sufficient to apply the anode material directly on the diamond layer. 
However, in the case of poor adhesion, an adhesion-promoting intermediate layer can be 
advantageous. An intermediate layer can likewise be advantageous when as far as possible 
monochromatic radiation needs to be emitted from the x-ray anode. In this case, the 
intermediate layer acts as a radiation filter and/or a monochromator. 

[0017] Tests have further shown that, with the same radiation output, temperature-sensitive 
samples can be better examined with the x-ray anode according to the invention than with the 
comparison anode with a beryllium window. Due to the excellent thermal conduction of 
diamond, the temperatures on the side facing the atmospheric area are lower, which makes it 
possible to place the samples closer to the window. This in turn results in a better optical 
resolution. 

[0018] An exemplary embodiment of the invention is described in greater detail below: 



[0019] A polycrystalline diamond layer (1) with a thickness of 250 jum is deposited on an 
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auxiliary substrate using hot-filament CVD. After removing the auxiliary substrate, a tungsten 
layer (2) with a thickness of 6 jjm is deposited on this diamond layer using physical vapor 
deposition (PVD). The tungsten layer covers the diamond layer completely. The x-ray source 
is mounted in the housing (4) of a commercial x-ray microscope by means of a clamp (3), with 
sealing washers (4) being used to ensure a stable vacuum. The only Fig. 1 shows this microfocus 
source in installed condition. X-radiation hv is produced by localized bombardment of the x-ray 
anode with electrons e\ The maximum achievable radiation density is measured with this x-ray 
anode. If the diamond layer is replaced with a 500 jjm thick beryllium layer under otherwise 
identical conditions, the radiation density of the x-radiation produced is reduced by a factor of 
4. With a diamond layer thickness of likewise 500 /jm 9 the radiation density achievable with the 
x-ray anode according to the invention would be even better, due to the improved heat 
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1 . X-ray anode, characterized in that the anode material is located on a diamond window. 

2. X-ray anode according to claim 1, characterized in that it is a polycrystalline diamond 
window. 

3. X-ray anode according to claim 1, characterized in that the diamond window is a 
monocrystal. 

4. X-ray anode according to at least one of claims 1 through 3, characterized in that the 
thickness of the diamond window is in the range of 50 /um to 2000 ^m. 

5. X-ray anode according to claim 4, characterized in that the thickness of the diamond 
window is in the range of 300 jum to 700 ^m. 

6. X-ray anode according to at least one of claims 1 through 5, characterized in that the 
anode material is a metal, an alloy or several layers of metal. 

7. X-ray anode according to at least one of claims 1 through 6, characterized in that the 
anode material thickness is between 1 ijm and 25 //m. 

8. X-ray anode according to claim 7, characterized in that the anode material thickness is 
between 3 fxm and 12 ^m. 

9. X-ray anode according to claim 8, characterized in that the anode material thickness is 
6 /urn, 

10. X-ray anode according to at least one of claims 1 through 9, characterized in that the 
anode material completely covers the window. 

11. X-ray anode according to at least one of claims 1 through 9, characterized in that the 
anode material partially covers the window. 

12. X-ray anode according to at least one of claims 1 through 11, characterized in that an 
intermediate layer is provided between the x-ray anode and the diamond window. 

13. X-ray anode according to at least one of claims 1 through 12, characterized in that the 
intermediate layer is an adhesion-promoting layer. 

14. X-ray anode according to at least one of claims 1 through 13, characterized in that the 
intermediate layer is a radiation filter. 

15. X-ray anode according to at least one of claims 1 through 14, characterized in that a 
temperature sensor is provided. 
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16. X-ray anode according to claim 1 5, characterized in that the diamond window is provided 
as a temperature sensor. 

17. Process for manufacturing an x-ray anode, particularly for manufacturing an x-ray anode 
according to one of claims 1 through 16, characterized in that an auxiliary layer is coated 
with a diamond layer by means of chemical vapor deposition (CVD), and a metallic layer 
is deposited on this diamond layer. 

18. Process according to claim 17, characterized in that the coating of the auxiliary substrate 
is carried out by means of hot- filament CVD or microwave CVD. 

19. Process according to at least one of claims 17 through 18, characterized in that a diamond 
layer with a thickness of 50 /urn to 1000 fjm is deposited. 

20. Process according to claim 19, characterized in that a diamond layer with a thickness of 
300 i^m to 700 /um is deposited. 

2 1 . Use of an x-ray anode according to at least one of claims 1 through 1 6 for x-ray units. 

22. Use of an x-ray anode according to at least one of claims 1 through 16 for x-ray 
microscopes. 
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Abstract 



The invention relates to an x-ray anode and a process for its manufacture. The x-ray anode is 
characterized in that the anode material is embodied as a layer on a diamond window. The x-ray 
anode is preferably used with x-ray units which require as selective as possible x-radiation 
production to achieve as high as possible radiation intensity. Use in x-ray microscopes in which 
a high radiation intensity guarantees the highest resolutions is particularly preferred. 
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Declaration and Pernor of Attorney For Utility, or Design Patent Application 

Erklining fttr Patentanmeldungen zur Gebraucbieigming und Eitfwickhing 

mit Voilmacht i 

Ocmi*n Language Declaration 



nactmehend benanntor Erfinder c/kl&re ich hicrmi: an Bide* 
Statt: 

daJJ rtieiu WcWti, peine Poranschrift und mcinc Stoats- 
artgehCtlgKeit den im nachtfiehenden nich meinemNwncn 
aufgefllhrten Angaben entsprechen, dafi i eh nach bestern Wtssen der 
uy$prUnf lichc, orsic imd aUainigc Erfinder (fella nachtffehend nur ein 
Name aagegeben tat) oder cln uraprOngttohcr, emer und Miter finder 
(falls nactotcheftdmahrcT*N*rnen attfgcft&naind) de* 
Gigcnsujfidcfi bin* f$r den dieser Anirag gestetk wird und fOr den 
eia Patent fiir die Crjfatdung tnit folgendem Tit*] beafttragl wifd: 

NPtSTjg^VMg — ■ , 

dcren 3tttrtir*ibijng hier beigefligt ist, e» cei denn (m dieaom Fall© 
Zutreffende? bine anltreuZfn), diese Etfrodung 

1 wurde angemei^ct am 24Juli2Q00 



unfKpderUS-Aiim«ldc«umiTi«r__ 

un|%urdc am J _ibgeSndeit (tails wtreffend) 

uuieiderPCT imernationalen Anmeldungsnummer., 



13 N g awtor2Q01 abgefodett (f*Ks zutreffcnd) 

Ich blaJaYtg* Kitrmit, daii teh den Inhalt der oben angcgcbcnc paten- 
Unin^ijttug, oinscbticfllich der Ampniche, die eventual! durch einen 
oben ewtonten Zihafcantrag abgelndert wmde, durchgcachcn and 
vcarai|jidMi hab&. ,• 

Ich e|||enne rneixid Pfttcht zur Offtnbarung jeglicher Informfrtioncn 
an, % zur Pmfunt der Paierufflhigkeit in Einklang mit Titel 37, 
Cod igf Federal Regulations, § 1 .56 von Belang sind. 

Ich ilkkspftiche nienfcit auslftftdische Prioritltsvortalle gerolfl Title 
35, m-Codc, S [19 (*)•(*), bz*. § 365(b) alter unicu aufgefthrten 
AU5fand5ftTiJ»eldv»g«n filr Palente ©der Erfmderurkunden, edet 5 
365(a) aller PCT Internationale* Anmeldungen, welche wenigstens 
ein L*ftd ausser den Vcrerogten Staaten von Amerlka benennen, and 
habenacharohend dutch anJoreuzen slmcliche Ausiandaanmeldwngen 
for Paunte bzw. • ErRndervdcundcn odcr PCT imematicmale 
Arurncldungen angegeben, dereti AnmetdaUg dem der Anmeldung, 
CUT welche Prioritit baaftaprucht wjrd, vorangchr 

Prior Foreign Applications 

FfOher* auilaridische Aumddungen 



As a below named inventor, I hereby declare ib*x: 

My retitoca r posi office address and cicfcetiship arc as stated 
below i'eit to tny name, 

J belie^s'e f am the eriginal, firat and sole inventor (if only one 
n*me is listed below) or an original, firit and joint inventor (if 
plural names are listed below) of (he subject matter which is 
claimed and for which a patent is bought on the invention «ntittcd 

■X-RAY ANPPfi ANP PROCESS FOErrg KftMff ACTU^ft ■ 



the specification of which is attached hereto unless the following 
box i j; checked! 



I w« filed o n JjilY ^QQQ 
United Staiea Application Number . 
arid was amended on . 
or, 



as 



t (if applicable) 



PtTlntem«^onai , Application Number fCT7RP00/07C)76 

w^id was axnonacd on' SyptfiPbgi^OttJ Jffid 

MaYtabtf 11 300L(if applicable). 

i hereby scare thai J have reviewed and under stand the contents of 
the ibovc identified speciftcarion, including the claims, %s 
arocrjded by any amendment referred to above. 



I acknowledge the dutyito discteae information which is material 
to patentability ns defined in Title 37, Code of Federal 
lUgitations, §1.5^. 

1 hereby claim foreign priority undar Title JS. United State* Code 
§1 1? (a-d) or §365(b) of any fwign application^) for paient of 
inventor's ccrtificnte, or 5365(a) of any PCT imemation*] 
application which designated at least gnt country other «han the 
United Stales, listed below: I have gjso identified below, by 
checking the kr No TF boa, any foreign appUcaiion for patent or 
invemoi's certtficaie f or of any PCT international application 
having a filing date before ttat of the application on which 
priority is claimed: 



Priority Claimed 
Prioric&rcan^pnich 



(Nvimben:) 
(Nunaner) 



(Country) 
(Und) 



(Number) 
(Nummer) 



(Country) 
(Land) 



(Day/NfomhVYcar Piled) 
(Tag/MonafifJahr der Anmerdwog) 

(Day/MontA/YeaT Filed) 
(Tag^Monat/Jahr der AWneldung) 



Ja 

□ 

Je 



□ 

No 
Nein 

□ 

No 
Nein 



□ ZusfiUliche einstweUige Anmeldung5nummem sind im 
Priorictaaittang aufgefllhrt. 



□ Additional foreign application numbers ewe listed 
on a supplemental priority iheet attached hereto, 
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German Language Utility or Design Patent Application Declaration 



eh beaniprochebicnnitPrierirttsvonfcile unter Title 35, US-Code, § 
! !9(t> aller US-Hilfiwnmeldungen wie unten aufgeziiah. 



J hereby claim ifce benefit under Title 33, United Stews Code 
§ 119(e) of any United Stoles provisional application^) listed 
bellow. 



(Application Number) 
(Aktenztioheii) 




(bay/Monih/Y w Filed) 
<Ta&/Moftat/J*hrder Anmeldung) 


(Application "Number) 
(AJkt«iv».©ben) 




(Day/MontVYear Filed) 

(Tag/ Monftl/Jafcr dcr Anmcldung) 


( Application Number) 
(Aktcnioichen) 




(Day/Month/Ycar Filed) 
(TagfMonat/Jahr d>r,Anmeldung) 



D Z.u$aei)icbe emtt^e.Hgc Anmeldungsnummern sind im 
ecgtttwenden Priorirtoanharis aufgerabrt, 

Ich bvsaitfpAiche hiermit die tnir unter Title 55, US-Code, § 120 
%.rcehenden VoiteiSe tiler Onten aufgefthnen US-PMcntanmeld\)nge« 
bzw. § 365(c) aJiAT PCT internationalen Anmeldutigen, wetchc die 
Verelnigten Staatei. von Amertke benennen, imd crkenne, insofcm der 
Gege-ns'tsnd emej jeden &Gheren Anspruehs dieser Patennnmeldung 
n*cht tetlner US^Wantatuneldung, bzw, PCT mtematjonalcn 
Anme||ting in in einer gtntBfl dem ersten Abselz von Title 35. US- 
Cod c£§ 5 12 vorgeschriebenen An und Weiac oflbnban wwdo, mcfoe 
PflichTj&ur OtTenbaning jeglicbor lafonnaiioncn an, die xur Priifung dcr 
Pweni^higlceH in Eioklang mh Title 37 ¥ Code of Federal Regulations, § 
t .56 fgji Belanfc sind und die Im Zeitraum zwiachen dem AnmeldeUg 
dcr fidihoren PtUmtanmeldung und dem netionalen ode* im Rahmen des 
Vctt&ga fiber die Zusammenarbeii auf dem Gebict des Patentwesen 
(PCfj|gOUigen .ntemationalen Anmeldetags bcktimt geworden smd. 



-39a* 



^ (Application No.) 
(AkTenzcichen) 



(Application No.) 
(Aktenzeichcn) 



(Day/Month/Year Piled) 
(Tag^Monattfahr emgweicht) 



(Day/MonuVYcar Filed) 
(Tag/MonaCAJahr dngereicht) 



□ Zuatazliche USA Oder internationals Ahmeldwssnummem &ind 
im ergaincnden Prior itlTwnhtng aufgefuhft. 

Ich erklare hcinnii, daa oil* in der vorliegenden ErWirung von mir 
gemacbte Angeben naeh bestem VVissen und Gewi&scn der Wahrheit 
cweprccben, undl ferner daJi ich dieae eidetttattiiehe EiKltoung in 
Kenntnia dcs«en ablege, da3 wisaenilicb und vons*i*lich faiiche 
Angaben odcr dorgleicherv gemaO $ 1 001. Tide 18 des US-Code strafbar 
smd und ftm Geldstrafe und/oder Geftovgnis be*traft werden konnen und 
daB derarUge wifmtlich und vcrsteiich falsche Angaben die 
RechtswirJrsamkeit dcr vorliegandca patemanmeldung odor eine$ 
Aufgrund dorcn erteiJten Patents gefahrden k6nnen 

Hiermit bcvoUtnichtgt der l)m«rzcichnete den hien^ gcnaiwtea 
e»i>Medef USA-Anwalt oder Siellvcrceter, in dcr Abweaenheit e^er 

"SC Vcwlndi S^fi wiv&cn den USA^Anwali oder StelWcnreTer 
wd dem Untereeichnttcn AnweiiUngen, die der der Anmeldung 
bctreffbnd dem Patem und Wartnzcichen aiw zugesUJU ^erden, von 
enN/eder jcioero auslflndischen Paientvertrcier oder Stellvejwier der 
Geaellaohaft anwnehnicn und wuzuftlhren, SolHe sich daa Personal 
andern, v 0 n dem Anwciaun^cn angenowmen weniotv mfeen, dann wird 
def b«nn 0«r.anme USA-AnwaU oder Scellvertreter eninfechcnd von 
dem UnterzeichncieabcnachrieKfip , 



0 Additional provisional appHcation numt'eri are listed 
on aevapplemental priority sheet attached hereto, 

1 hereby claim the benefit under Tiric 35, United States Code 
§120 of any United States ftppHcation(s), or §36$(c) of any 
PCT international application de&igxucmg ch* United States, 
lilted below and, insofar as the subject matter of each of iheL 
claims of this application is not disclosed in The prior United 
States or PCT international application in the manner 
provided by the first paragraph of Title 35, United Stales 
Code § U 2 t 1 acknowledge the duly to disclose infonnation 
which w material, to patentability as defined in Title 37, Code 
of Federal Regulations § 1 -5<5 u/ftich became arable 
between the filing date of the prior application and the 
national or PCT international filing date of thi* application. 



(Statu*) 

(patentiett. s&hwcbend, lufgegeben) 
(pawnwd, pending, abajidoned) 



(Status) 

(patenAicn, ach^abend, aufgegeben) 
(pitented, pending, abandoned) 

□ Additional U.S. or international application numbeis are 
listed on a Supplemental priority sheet attached hereto. 

I hereby deel&re that alf smements made herein of my oww- 
knowledge are true and that ail statements made on 
information ind belief are believed to be true; and timber that 
these statements were made wjth the knowledge that willful 
false statements and the like so made are punishable by fine 
or imprisonment, or both, under Section 1 00 J of Title 38 of 
the United States Code and chat such willful fake statements 
may jeopardize the validity of the application or any patent 
indued thereon- 

The undexsijgned hereby authorizes the U.S. attorney or agent 
named herein to accept and follow instructions from either 
his foreign patent agent or corporate representative, if any, as 
to any action to be taken in the Patent and Tradenwk Office 
regarding this application without direct communication 
between the U.S. attorney or agent and the undersigned. In 
vhe event of a change in the persons from whom instructions 
may be taken, the U S. attorney or agent named herein wj« be 
so notified by the ortderitgncd, 

7i i 3: s ii ium mm t — " • 
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rEKTRETUNGSVOLLM ACHT: Ah Umnvtf Erfindar 
t&ttf-irage ich Heroic den sich mit dcr Kundonnvnwer 
cfa**cndeft Patcntavwalt (PatBAtaiflwaUe) wad/oder 
*tept- Agcntcn mit dcr Verfolgung der vorltegenden Paien* 
anmeWuA^ so^ic mit dcr Abwickiung aller dafnit verbundencn 
3e9chaftc vor dem >aie*it-ui\d Warcr^ft^henvnt und weise an, dass 
Korrespondenz mit dieser KundcAnummer tddreaaiert wird. 



KUNDENNUMMER 7055 



Die eniamien Patcniawfiitc sind w z«U; 

3 Neil F. Grecnbtam Reg, No. 

Brace H. Bernstein Reg. Ho. 29.027 

Arnold Turk Re*. No. 3*,094 

James L. Rowland Reg, No, 32,674 



POW?R OF ATTORNEY. As a named inventor, I hereby 
appoint the attorney^) and/or agem(s) taadciaied with the 
Customer Numbar provided below ro prosecute this application 
and rranttct all business in:thc Patent and Trademark Office 
connected therewith, and direct that all cornispondcfioc be 
addressed to that Customer Number; 



CUSTOMER NUMBER 7055 

Tht appointed attorney* presently include: 

Stephon M. Roytsnee Reg, No. 3 1 .296 

Leslie J. Papemer Reg, No. 3 3 ,329 

William Piaprz Reg. No- 33,^30 

William B. Lyddane Reg. No. 41,568 



Address: Greenhlum & BenatteiTn, PX.C. 
l94lRoIaM Clarice Place 
Resion. VA 20191 



Talefo^esprache bine richten an: 



Direct Telephone Calls to: 



Greenblurn & Bernstein, P.L.C 

(703)716^1191 



Vqt*\%l4 NaebAatni des einzige* oder ersten Erfmders; 
Mauhjag FRYPA , 



Uftt^rphrm des Erfmders 



Datum 



■7 



§BBBB|gjyfc Dcutschland 



SUatSsbg«fa6rigkcIt 
Deuvschland 



Postancchrift 

EtcheJ^flgqraa Ifr D38 1 10 Bfa\>nsch^ei&, D cutschland 

[0$ sr-und Nachnarne des zweiten Micerfindcre (falls aitraffcnd) 
! Lothar SCHAJFER 



Full ftame of sole orfira investor 
Matthias FRYDA 



Inventory aignacuse 7 




Date 



Residence 
Brtuwhweig, Germany 



Citizenship 
Genrrian 



Post Office Addre*$ 
Eichqndorffctnuse 14. 1338110 Brau n schweieu Germany 

Fylt name of second joint inventor, if aay 
Lgdigr SCHaBFBR , 



Uawciyift de^elterj^rfindcrfl Darum 



Maine, PgrtscfrUnd y 



Second Inventor'? Signature 

3 r . aria 



Date 



Residence 
Menu. 



Oemuiiy 



Sfeauangehtrtgkeu 
Dcuuchlaad 



Citizenship 
German 



Postanschrift 

Nfoorwec 1, 1^38527 Mcina, Pcutechland 



CBitu entsprcchende Inforroationen und Untcrschf iften im FaUe 
von driuen *nd weitercn Miter flndcm angeben). 



Po*t Office Addrc» 
Moonveg 1 1 D^8S27 Mcine, Germany 



(Supply similar information end «iffn*ture fbr third and 
fcub&cquent joint iovontors), 
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9 v 5^oro« 
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>r-vuidNachnaine de* Written Miterfinders: 
orsion MaTTHEE 




cine, gCttjaghlgnd 



Full name of xhud inventor, if any 
Thomon MaTTKBE 



Residence 



taatsangehfcrlfckcrt 
tutgehtand 



Citizenship 
German 



'ostsiuejirifr 
^gscnwegj 1 A, t>38527 Mcicc, PguUctUgnd 



^oMind Nachnanie dea vienen Miterfmders (Wis zucreffend) 



Post Oflke Address 



Ful) name of founh inventor, if any 



Unltnchrift des vierlcn Erfmdcrs 



Datum 



Fourth Inventor'* Signature, 



Dace 



Wohnsfcfc 



Residence 



- . — Sb> — 



Citl2«ftship 



Postapjfcshrift 



Pon Office Address 



Vor-uMNactaain* de* ft&ften MlTerfinders (f*I!a nuircfTend) 



Full nute of fifth inventor, if any 



Untefffhrift cJes fdoften Brfmders 



Datum 



Fifth, Inventor*? Signature 



Dale 



Residence 



StaafobgeharigkcU 



Citizenship 



Postansehrift 



Vor>und Naehname dca Bechjtert Miior finders (falls wtteffend) 



?ost Office Address 



FuK' name of sixth inventor* if j^y 



Unterscbrift daj sechstec Erfmders 



D*cum 



Sixth Inventor's signature 



Date 



Residence 



Stietsengcrhdhgkeit 



Citizenship 



Posttnsehrift 



Post Office Address 



(Bitte enwpwnechendc inforourtionen und Unterschriftew iro Falle 
von dritten und Nveiwtn Mlwfmdero angeben). 



(Supply similar bforoiation mnd signature (bf seventh and 
6ufew<t«nt joint Inventors). 
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